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ASICs for extreme environments

ǒ High ionizing radiation
ƺ ETROC: Timing layer ASIC for CMS LGAD detectors (picosecond timing chip in collaboration 

with SMU)

ƺ ECON (T&D) ïHigh Granularity Calorimeter Concentrator chip

ƺ R&D for CMS vertex pixel detector upgrade (ñphase 3ò)

ǒ Cryogenic operation
ƺ COLDATA/ COLDADC ïDUNE data concentrator and ADC ASICs (LAr)

ƺ Quantum control and readout (<4K) 

ƺ Superconducting electronics and sensor readout

ƺ IC process cryo characterization
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Key strengths for Beam Instrumentation

ǒ Radiation hardness
ƺ Experience with radiation hardness by process and by design
ƺ 65nm (500Mrad) & 28nm
ƺ Developed custom triplication tools for partial or full RTL triplication 

ǒ Spatial resolution (channel count, granularity)
ƺ Pixel detectors (Hybrid CMOS, MAPS, CCD)
ƺ High speed serialization

ǒ Timing Resolution
ƺ ETROC 
ƺ FCFD0 (Fermilab Constant Fraction Discriminator)
ƺ Superconducting nanowire readout and cryogenic TDC

ǒ Low latency & feature extraction
ƺ AI/ML: Low-power, Low-latency reconfigurable Autoencoder implemented in ECON-T (65nm) with 

N.U. and Columbia (25ns inference)
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On-detector Data Concentrator ASICs for CMS High Granularity Calorimeter Upgrade for 

High Luminosity LHC.

ÅExtreme radiation tolerance, low power, low latency

ÅECON-T : 

Å select/compress interesting data for 40 MHz trigger path

Å ultrafast machine -learning inference on ASIC to compress and encode data

ÅRecent test beamcorresponding to 500Mrad in Si. SEE: 10 × (maximum 20 MeV hadron 

fluence for 3/ab HL-LHC), which is 1e15/cm2.

ÅECON-D : 

Å zero suppression and event building for 1 MHz of triggered data.

CMS ECON ASICs
ECON-T-P1 wirebonded on test board

Jim Hirschauer

ECON-D
SEE mitigation plan in progress:

Å Blocks highlighted in orange will be 

fully triplicated (clocks, logic, and flip-
flops)

Å i2c will use same triplication + ECC 

as ECON-T



Å 16x16 pixel matrix: 1.3 x 1.3 mm2

Å Measuring arrival time of LGAD signal

ï Front-end: PA + Discriminator + TDC

Å L1 trigger-driven readout with zero 

suppression

ï L1 latency matched circular buffer

Å Flexible trigger path

Å Fast waveform sampling for two pixels

Å Interface of ETROC

ï 40 MHz reference clock 

ï I2C-based slow control

ï 320 Mbps fast control

ï Two serial links: each up to 1.28 Gbps

Å time resolution contribution: ~ 40 ps

Å TSMC 65 nm technology, 1p9m, 1 W/chip

Å 100 Mrad TID tolerance, SEE protection for 

controls

ETROC2 (FNAL, SMU)
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Fast timing resolution

ǒ ETROC: demonstrated ~30ps

ǒ Fermilab Constant Fraction Discriminator 

(FCFD0) (T.Zimmerman, A.Apresyan): 

demonstrated ~30 ps at 5fC, and < 10 ps at 30 

fC, with LGAD-like pulses, with 25ns deadtime

ǒ ~ps cryo TDC under development  
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Pixel detectors

ǒ Hybrid silicon pixels and R&D on induced current sensors for CMS pixel 

detector

ǒ Skipper CCD readout and Skipper CCD-in-CMOS development: low noise 

and fast readout for sub-e noise 
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Sub-e noise resolution achievable with the Skipper CCD MIDNA ASIC for Skipper-CCD readout



Microelectronics Co -Design Research: ñHybrid Cryogenic 

Detector Architectures for Sensing and Edge Computingò

2/15/2022

3-year cross-cutting award (HEP, BES, ASCR, FES)

Advancement of two complementary classes of cryogenic state-of-the-art single-photon 

and particle detectors: 

Å the Skipper CCD -in-CMOS silicon detector 

Å a novel hybrid detector platform based on superconducting nanowires

Development and co-design of: 

Å advanced fabrication and integration techniques

Å novel optimized hybrid readout architectures

Å cryo-ASICs and cryotron-based superconducting electronics for integrated sensing 

and data reduction at source, through feature extraction and edge computing .

Town hall meeting

SNSPD

xTrons

cryoASIC



Overview

ǒ The objectives of this proposal are the development and co-design of 

advanced fabrication and integration techniques for cryogenic detectors, 

novel electronic readout and edge computing architectures, and readout 

electronics for integrated sensing and data reduction at source, through 

feature extraction and edge computing. 

ǒ The program will develop two complementary classes of state-of-the-art 

single-photon and particle detector technologies: the Skipper-in-CMOS silicon 

detector, and a novel hybrid detector platform based on superconducting 

nanowires.
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Hybrid superconducting 

detector platform

We will develop a hybrid architecture for cryogenic detectors, based on the co-design of:
ǒ superconducting sensor (SNSPD), 
ǒ novel superconducting electronics (xTRON), 
ǒ and cryoCMOS readout ASIC in nanometer scale advanced processes. 
The proposed work will also develop the technology required for overall integration at cryogenic 
temperatures, and will demonstrate a novel architecture and circuit solution for edge computing and 
integrated sensing for extremely sensitive detectors. 
Device-circuits-system codesign will concurrently enable large channel count, power optimization, 
impedance matching, edge compute and feature extraction, and data processing

We propose to demonstrate the feasibility of cryogenic readout technology which has the ability to
scale to megapixel SNSPD arrays, while maintaining the flexibility to optimize different sets of 
performance parameters for a variety of applications.
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Simplified example



SC Nanowires: Detector
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